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PROBING NEW PHYSICS IN BS AND D MIXINGS, AND
ACP(B
+
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A 4th generation could be consistent with the recently measured ∆mBs as well as B(b→ sℓ
+ℓ−),
which are SM-like, but generate large sin 2ΦBs ≃ −0.5 to −0.7. The sign is determined by the
hint for New Physics in CPV measurements in charmless B decays. The 4 × 4 unitarity allows
one to connect to all processes involving flavor. Fixing Vt′b, Vt′s and Vt′d by Z → bb¯, b→ s and
s→ d processes, we predict D mixing to be close to the current bound. As a further corollary, we
suggest that ACP(B
+ → J/ψK+) could be at 1% level or higher, where we give plausibility of an
associated strong phase. Our predictions can be tested in the near future.
1. Introduction: SM Reigns?
The New York Times reported on July 4th
the measurement of Bs mixing at the Teva-
tron, stating that “it was right on the money
as predicted by the Standard Model”, and
quoting a CDF spokeswoman, “Our real
hope was for something bizarre”.
The measured1 ∆mBs = 17.77 ± 0.10 ±
0.07 ps−1 is indeed consistent with SM, but
there is still hope for something bizarre: Can
CP violation in Bs mixing be large? Given
that sin 2ΦSMBs = − sin 2βs ∼ −0.04 is very
small, any definite measurement at the Teva-
tron would imply New Physics (NP). There
is reason for hope. The ∆mBs value is some-
what lower than the CKM/UT fit projections
made without using ∆mBs in the fit.
In the 4 generation model we predict
sin 2ΦBs is large and negative, with two corol-
laries. One is finite D mixing close to current
bounds, the other is observable direct CPV
(DCPV) in B+ → J/ψK+ decay. Mixing
dependent CPV (TCPV) measured in B0 →
J/ψK0, namely2 SJ/ψK = 0.685 ± 0.032, is
also low against CKM/UT fit predictions,
which could be due to NP phase.
Admittedly, SM4 has troubles with pre-
cision EW tests.3 But with the LHC ap-
proaching, we should keep an open mind. For
Nν counting, as discussed by Soddu,
4 mas-
sive neutrinos call for NP. The reason we fo-
cus on the 4th generation is its ease in af-
fecting heavy meson mixings and other elec-
troweak penguins (EWP),5 and it naturally
brings in a new CPV phase.6
2. Large CPV in Bs Mixing
The 4 generation unitarity for b → s tran-
sitions is λu + λc + λt + λt′ = 0, where
λi ≡ V ∗isVib. Since |λu| < 10−3 by direct
measurement, one effectively has
λt ∼= −λc − λt′ , (1)
where one has a NP CPV phase6 through
λt′ ≡ V ∗t′sVt′b ≡ rsb eiφsb , and Eq. (1) be-
comes a triangle with potentially large area,
i.e. large CPV effect.
The formula for Bs mixing is
7
M12 ∝ f2BsBBs
{
λ2c S0(t, t)
−2λcλt′ ∆S(1)0 + λ2t′ ∆S(2)0
}
, (2)
where S0(t, t) gives SM3 top effect, and the t
′
effects are GIM subtracted and vanish with
λt′ , analogous to ∆Ci ≡ Ct′i −Cti terms6 that
modify the Wilson coefficients Ci for b → s
decays. One also has analogous strong de-
pendence on mt′ is, i.e. nondecoupling of t
and t′ from box and Z penguins.5
1
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Fig. 1. (a) ∆mBs , (b) sin 2ΦBs vs φsb, for mt′ =
300 GeV and rsb = 0.02, 0.025 and 0.03. Larger rsb
gives stronger variation.
Taking mt = 170 GeV and the central
value of fBs
√
BBs = 295 ± 32 MeV from
lattice, we find ∆mSMBs ∼ 24 ps−1, which is
on the high side compared with Eq. (1). Of
course fBs
√
BBs could be lower, but it could
also be higher. One may therefore need SM4
to bring ∆mBs down a bit.
Keeping fBs
√
BBs = 295 MeV, in
Fig. 1(a) we plot ∆mBs vs φsb for mt′ =
300 GeV and rsb = 0.02, 0.025 and 0.03,
where dashed line is the SM3 value, and solid
band is the 2 σ range of Eq. (1). We see
that7 ∆mBs comes down to the CDF range
in 1st and 4th quadrant. For rsb = 0.02,
0.025, 0.03, we find φsb ≃ 52◦–55◦, 62◦–64◦,
67◦–69◦. This implies large CPV, i.e. large
sin 2ΦBs , which is plotted in Fig. 1(b).
It is important to note that the pa-
rameter range above not only gives SM-like
∆mBs , it also gives SM-like B(b→ sℓ+ℓ−),8
as the latter is also dominated by EWP and
box diagrams.5 In fact, combining ∆mBs
with the b → sℓ+ℓ− rate, |φsb| & 55◦ is
implied,7 which practically rules out the al-
lowed range from ∆mBs for rsb ∼ 0.02. This
leads to | sin 2ΦBs | ∼ 0.5 to 0.7. Thus, things
may still turn “bizarre”. Given that CDF
has made precision measurement1 of ∆mBs ,
can one pull off another coup in measuring
sin 2ΦBs, before LHC start? Any definite
measurement would be a discovery of NP!
Currently we have two hints for NP in
CPV b → s transitions. Interestingly, they
favor sin 2ΦBs < 0. One hint is TCPV in
b→ sq¯q: the ∆S ≡ Ssq¯q−Sc¯cs < 0 problem.2
The other hint is difference in DCPV be-
tween B → K+π− vs K+π0: the −∆AKpi ≡
AKpi −AKpi0 < 0 problem.9
All measurements of TCPV in b → sq¯q
modes at present give values lower2 than
charmonium modes, giving a combined sig-
nificance of 2.5σ. What aggravates this is the
SM expectation of ∆S > 0. In QCDF, it was
shown10 that SKpi and SφK are more robust
than rates, which have large hadronic uncer-
tainties. However, Sη′K gets diluted away by
effect of the large rate. In a model indepen-
dent way,11 it has recently been shown that,
if this discrepancy persists as data improves,
it would definitely imply NP.
The difference ∆AKpi ≃ 0.15 is now
established.9 It is a puzzle because naively
one expects it to be smaller. There are two
possibilities. One is an enhancement of the
color-suppressed tree (C). The other is from
PEW (the EWP), which would demand NP
CPV effect. The latter case was demon-
strated with the 4th generation,8 where the
φsb phase of Eq. (2) affects PEW. The C and
PEW efforts were recently joined
12 and car-
ried to NLO in PQCD factorization. Both
trends for ∆AKpi and ∆S can be accounted
Interestingly, predictions for AK0pi0 and Rc,
Rn ratios are in good agreement with the new
experimental results,9 while further predic-
tion for SρK can be tested in the future.
As these are CPV measurables, the up-
shot from the ∆S and ∆AKpi discussion is
that they select sin 2ΦBs < 0 in SM4.
3. D Mixing Prediction
Four generation unitarity links all fla-
vor changing and CPV processes together.
With V ∗t′sVt′b large, one has to check for
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consistency13 with other processes. A typ-
ical 4 × 4 CKM matrix is given in Ref. 13.
One first saturates the Z → bb¯ bound with
Vt′b ≃ −0.22, which then fixes Vt′s by b→ s
effects. Applying the stringent kaon physics
constraints fixes Vt′d.
A very important test is b → d transi-
tions. Remarkably, when the above proce-
dure is done, it was found that Bd mixing
and associated CPV (“sin 2φ1”), as well as
other b → d effects, all do not get much af-
fected. The reason is because one cannot eas-
ily tell apart (at present level of errors) the
b→ d unitarity quadrangle in SM4, from the
triangle in SM3.
One striking feature of the “fitted” 4× 4
matrix is that Vt′d ≃ −0.0044 e−i10◦, Vt′s ≃
−0.114 e−i70◦, and Vub′ ≃ 0.068 ei61◦, Vcb′ ≃
0.116 ei66
◦
are not smaller than 3rd gener-
ation elements. Though somewhat uncom-
fortable, this is data driven, and draws our
interest to D mixing, since
Vub′V
∗
cb′ ≡ ruc e−i φuc = +0.0033 e−i5
◦
, (3)
would affect c → u transitions via b′ loops.
Since |VubVcb| . 10−4 by direct measure-
ment, the unitarity condition is effectively
VudV
∗
cd + VusV
∗
cs + Vub′V
∗
cb′
∼= 0, (4)
with VudV
∗
cd ≃ −0.218 and VusV ∗cs ≃ 0.215
real to better than 3 decimal places, much
like in SM. These govern c → ud¯d and us¯s
processes, where especially the latter could
generate width difference yD = ∆ΓD/2ΓD
through long-distance effects.
Though small, Vub′V
∗
cb′ of Eq. (3) can
affect D0-D¯0 mixing, because mb′ ∼ mt′ is
expected, hence very heavy. The short dis-
tance effect corresponds to the ∆S
(2)
0 term in
Eq. (2), with f2BsBBsλt′ −→ f2DBD|Vub′V ∗cb′ |,
and mt′ −→ mb′ . This generates xSDD which
would be vanishingly small in SM3 because
of |VubVcb|2 suppression.
We used13 V ∗t′dVt′b ≡ rdb eφdb to fit kaon
data, and found φdb ∼ 10◦ and rdb ∼ 10−3.
For illustration, we take fD
√
BD = 200 MeV
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Fig. 2. ∆mD vs φdb (∼ 10
◦ expected) for mb′ =
230, 270 and 310 (highest) GeV and rdb = 10
−3.
The horizontal line is the experimental bound.
and plot ∆mD vs φdb in Fig. 2, for mb′ =
230, 270 and 310 GeV. Our scenario predicts
xSDD ≡ ∆mSDD /ΓD ∼ 1%−3%, which lies just
below the current bound14 (horizontal line),
and could be accessible soon. We find CPV
in D0 mixing to be no more than −0.2 level,
which is consistent with null search for CPV.
There is in fact a hint for width dif-
ference. Averaging over D0 decays to CP
eigenstates K+K− and π+π− gives14 yCP =
0.90 ± 0.42%. Another effort is to measure
x′ = xD cos δ + yD sin δ and y
′ = yD cos δ −
xD sin δ in wrong-sign D
0 → K+π− decays,
which could arise through mixing, or from
doubly Cabibbo suppressed decays. The cur-
rent best limit comes from Belle,14 |x′| <
2.7% and −1% < y′ < 0.7%. For small δ
this implies y′ ∼ yD ∼ 1% and x would
be not much larger. However, for strong
phase δ ∼ 20◦–50◦, xD could be several times
larger than yD ∼ 1%. With an active pro-
gram at the B factories and CLEO-c, and the
expectation that BESIII and LHCb would
start running in 2008, it looks promising that
xD ∼ 0.01 to 0.03 can be discovered soon.
4. DCPV in B+ → J/ψK+
One intriguing “prediction” we can make is
AJ/ψK+ 6= 0.15
The B+ → J/ψK+ is dominated by the
color-suppressed b → cc¯s tree, while inclu-
sion of the penguin in SM3 does not alter
the weak phase, which is ≃ 0. But the full
amplitude is likely carrying a strong phase
δ, since all color-suppressed modes observed
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Fig. 3. (a) SJ/ψK0 vs φsb, (b) AJ/ψK+ vs δ, for
mt′ = 300 GeV and rsb = 0.02, 0.025 and 0.03.
Larger rsb gives stronger variation.
so far seem enhanced, with effective underly-
ing strong phase. Examples are B0 → D0π0,
π0π0. Although the strong phase in the lat-
ter is still not settled, the former has a strong
phase ∼ 30◦ that is measured. The most rel-
evant is B → J/ψK∗, where angular analysis
gives strong phase difference between helicity
amplitudes at order 30◦.
The t′ effect in the Z penguin brings
the weak φsb phase to PEW amplitude. Un-
like the above “hadronic” effects that en-
hance C, the virtual Z produces a small
color-singlet cc¯ pair that exits without much
interaction, thereby not accumulating much
strong phase. While a little hand waving,
we see that both weak and strong phases are
present, the prerequisites for DCPV.
We plot SJ/ψK vs φsb in Fig. 3(a), for
δ = 0. Similar to ∆S, which has SJ/ψK as
reference point, SJ/ψK itself does dip down-
wards for φsb ∼ 65◦, reaching roughly 0.69.
This does not change significantly when δ re-
mains small. In Fig. 3(b) we plot AJ/ψK+ vs
δ for φsb = 65
◦. We find that15 AJ/ψK+ can
reach above 1% for |δ| ∼ 30◦.
The experimental situation16 is interest-
ing. From AJ/ψK+ ∼ +0.03 based on 89M
BB¯s, BaBar flipped sign by adding 35M, be-
coming −0.030 ± 0.014 ± 0.010, with larger
systematic error, and is now consistent with
Belle value of −0.026±0.022±0.017 based on
32M. The current world average is −0.024±
0.014, based on 166M BB¯s. But the world
has now over 1000M BB¯s and growing, thus,
our 1% projection can be seriously probed.
Note that the number could be higher,15 e.g.
in the less constrained Z ′ model. To realize
a 1% measurement, it seems that one needs
to work hard on systematic error. But this
should be worthwhile if one wants to enter
the “Super B factory” era, with 100 times
more data, where any measurement of inter-
est is likely to be systematics limited.
With luck, our prediction can be con-
firmed by 2008.
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